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Abstract 
A mixed-method approach was used to assess and value the ecosystem services derived from the Dogger 
Bank, an extensive shallow sandbank in the southern North Sea. Three parallel studies were undertaken 
that 1) identified and quantified, where possible, how indicators for ecosystem service provision may change 
according to two future scenarios, 2) assessed members of the public's willingness-to-pay for improvements 
to a small number of ecosystem services as a consequence of a hypothetical management plan, and 3) 
facilitated a process of deliberation that allowed members of the public to explore the uses of the Dogger 
Bank and the conflicts and dilemmas involved in its management. Each of these studies was designed to 
answer different and specific research questions and therefore contributes different insights about the 
ecosystem services delivered by the Dogger Bank. This paper explores what can be gained by bringing these 
findings together post hoc and the extent to which the different methods are complementary. Findings 
suggest that mixed-method research brings more understanding than can be gained from the individual 
approaches alone. Nevertheless, the choice of methods used and how these methods are implemented 
strongly affects the results obtained. 
1. Introduction
The concept of ecosystem services, the contributions of ecosystems to human well-being (de Groot et 
al., 2010), is a useful approach for demonstrating the links between humans and the environment. It is 
readily acknowledged that many of these services go unrecognised (or under-recognised) in the 
environmental management process (Daily, 1997; Dasgupta et al., 2000). Cumulative impacts and trade-
offs between them are overlooked (Phal-Wostl, 2007; Lester et al., 2010). This often occurs because they 
may be used indirectly, or enjoyed directly (but maybe unconsciously), but are not traded through 
markets (Böhnke-Henrichs et al., 2013). It may also result because the links between environment and 
human well-being are indirect, occurring at different spatial and temporal scales (Corvalan et al., 2005). 
To overcome this problem, quantification and valuation of ecosystem services has been advocated as a 
solution (e.g. Liu et al., 2010). Valuation can be approached from multiple perspectives, including 
ecological value (the degree to which an ecosystem component contributes to an objective or condition 
such as an ecosystem service; Farber et al., 2002), economic value (often expressed in monetary terms; 
Brown, 1984) and socio-cultural value (or shared social values obtained through social interaction, open 
dialogue and social learning; Stagl, 2004). 
Through assessment and valuation, the link between ecosystem services and human well-being is made 
more explicit (Fisher et al., 2009). Evidence of this link should therefore improve environmental 
decision-making, ensuring valued ecosystems continue to deliver the services essential to human well-
being (Daily et al., 2009). Thus far, the many challenges involved in ecosystem service assessments and 
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valuations have limited their use (Laurans et al., 2013), but within many environmental management 
circles, including marine planning, there is a growing call for wider ecosystem service assessment and 
valuation (e.g. Mooney et al., 2005; Börger et al., 2014a). 
1.1 Quantification of Ecosystem Services Through Ecological Assessment 
Interest in ecosystem service quantification has led to numerous ecological assessments of ecosystem 
services. These typically identify indicators of ecosystem services, attempt their quantification and spa-
tial mapping (e.g. Burkhard et al., 2012; Crossman et al., 2013) and demonstrate how they have changed 
over time and/or model how they may change into the future (e.g. Martín-López et al., 2010). For marine 
and especially offshore ecosystems, no examples known to the authors exist that involve all these steps 
and apply them to multiple ecosystem services. Such assessments, however, may be particularly useful 
for ecosystem management because they facilitate the analysis of ecosystem service trade-offs made 
between alternative management options or possible future scenarios. 
Being based on suitable indicators, outcomes of ecological assessments reflect ecosystem change 
(Hattam et al., 2015). They demonstrate the ecological importance of the system and can also assist 
with identifying the processes involved in ecosystem service supply (e.g. Cook et al., 2014). This 
facilitates the identification of drivers of change, which can also inform ecosystem management. 
Ecological assessments allow the investigation of a broad range of ecosystem services based on 
existing data. Hence they help identify and quantify the most important ecosystem services and those 
most intensely affected by human activities in an area. It is important to note that while ecological 
assessments explore how the supply of ecosystem services change over time, they do not provide 
information about the value of these ecosystem services to society. By quantifying expected changes 
they can, however, inform the development and application of valuation studies that explicitly aim 
to assess the social and economic value of the benefits derived from ecosystem services. In an 
attempt to encourage ecological assessments of ecosystem services, guidelines for doing this have 
been produced by organisations and institutions (e.g. IPIECA, 2011; EU, 2014). 
1.2 Economic Valuation of Ecosystem Services 
Economic valuation of the benefits from ecosystems is commonly the next step in the assessment (Defra, 
2007). Economic valuation provides a common currency for units of value. This, it is argued, provides a 
means for comparing the costs of environmental protection with the benefits generated, and for 
comparing different management or policy goals, including environmental protection (Balmford et al., 
2002; Hanley and Barbier, 2009). A further justification is that it should encourage more sustainable use 
of the environment and better motivate its conservation and protection (Daily and Matson, 2008; Tallis 
et al., 2008). Public bodies are increasingly offering guidance to environmental managers on how to 
undertake such valuations (e.g. HM Treasury, 2003; Pearce et al., 2006; Defra, 2007; Hansjürgens et al., 
2012; Baker and Ruting, 2014) and incorporate the findings into policy and practice (e.g. Defra, 2010). 
The value of ecosystem service benefits that are not traded in markets can be assessed using non-
market valuation techniques (Cooper et al., 2013). Borrowing the logic of voluntary exchange in 
the market, such assessments typically aim to gauge people's willingness to trade some fraction of 
their wealth or income for an increase in ecosystem service provision. This willingness-to-pay 
(WTP) is interpreted as an indicator of the change in utility the person expects from the 
consumption of these increased ecosystem services. When WTP cannot be assessed through 
market data, survey-based techniques, such as the contingent valuation method (CVM) (Carson 
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and Hanemann, 2005) and discrete choice experiments (DCE) (Hanley et al., 1998, Louviere et al., 
2000) can be employed. These methods elicit WTP in a hypothetical market setting created in the 
survey interview. In the marine environment, the majority of valuation studies have been applied 
to coastal and near-shore ecosystems (e.g. Ressurreição et al., 2012; Hynes et al., 2013; Loomis 
and Santiago, 2013), but a growing number of applications to offshore and deep-sea sites and fauna 
can be found (e.g. McVittie and Moran, 2010; Wattage et al., 2011; Jobstvogt et al., 2014; Aanesen 
et al., 2015). 
1.3 Alternatives to Economic Valuation 
Economic valuation interprets private households as consumers of ecosystem services rather than as 
citizens holding attitudes and values regarding the provision of ecosystem services for society (Blamey 
et al., 1995; Orr, 2007). Consequently, this framework has been criticised from both within the field of 
economics (e.g. Aldred 2006; Parks and Gowdy, 2013) and elsewhere (e.g. Adams, 2014). Economic 
valuation techniques such as survey-based elicitation of WTP and concepts such as ecosystem services 
and natural capital frame the nature-society relationship into one of utility and exchange prefiguring 
commodification as a reasonable response (Kallis et al., 2013). Gómez-Baggethun et al. (2010) argue 
that even though the focus on economic valuation and payment schemes has attracted political support 
for conservation, it has also led to the commodification of a growing number of ecosystem services and 
the reproduction of the neoclassical economics paradigm and market logic to tackle environmental 
problems. There are competing values and interests relating to the environment between different 
groups and communities, something that also creates conflict among the groups and among 
communities across space and time (Martinez-Alier et al., 1998). Kosoy and Corbera (2010) highlight 
three invisibilities in the commodification of ecosystem services: (i) the technical difficulties and ethical 
implications that exist when narrowing down the complexity of ecosystems to a service or range of 
services, and how that changes the way we relate to and perceive nature; (ii) the fact that 
commodification of ecosystem services requires a single exchange-value, which in turn denies the 
multiplicity of values attributed to these services (i.e. there are values beyond monetary values that are 
important); and (iii) the fact that it reproduces rather than addresses existing inequalities in the access 
to natural resources and services. 
Non-monetary approaches such as deliberative group discussions (Wilson and Howarth, 2002), citizens' 
juries (Spash, 2007) and q-methodology (Pike et al., 2014) utilise group based activities and participatory 
and deliberative approaches to attain detailed information about people's relationship with the natural 
environment and the socio-cultural values they place on it (Christie et al., 2012). Deliberation can refer to 
two kinds of discussions: one that involves a group of people who through deliberation carefully weigh 
reasons for and against some proposition, and another that involves an interior process by which an 
individual weighs reasons for and against courses of action (Fearon, 1998). Unlike conventional non-market 
valuation techniques such as CVM or DCE, which attempt to elicit pre-existing preferences or those 
constructed at the time of the interview, deliberative group methods, including citizens' juries, are based 
on the assumption that the values people hold regarding matters of collective choice can be constructed 
through the process of reasoned discourse with other members of society (Wilson and Howarth, 2002; 
Howarth and Wilson, 2006; Spash, 2007). In recognition of this, and the criticisms against economic valua-
tion, public bodies are also providing guidance on a range of deliberative methods for the assessment of 
ecosystem services (e.g. Fish et al., 2011). 
1.4 Integrating Methods 
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Despite calls for the integration of methods that elicit ecological, socio-cultural and economic values 
(e.g. de Groot et al., 2010; Lopes and Videira, 2013), most ecosystem service assessments focus on just 
one of these approaches, or combine ecological assessments with some form of economic or non-
monetary valuation (e.g. Pascual et al., 2011; Pascual et al., 2012). In some cases mixed methods are 
applied drawing on both economic and non-monetary techniques (e.g. Szabó, 2011; Kenter et al., 2013). 
What rarely happens is a synthesis of the findings arising from the different approaches. Only two 
published papers have been identified within this study that attempt to integrate the outputs from 
biophysical, socio-cultural and economic approaches using empirical data (Castro et al., 2014; Martín-
Lopez et al., 2014).Research into mixed-methods, however, indicates that multi-strategy approaches 
to research can bring more understanding than can be gained from the individual approaches alone 
(Bryman, 2006). Effort is therefore needed to understand how the different approaches to ecosystem 
service assessment and valuation support each other, or not, as the case may be. 
Using the Dogger Bank (a shallow sandbank in the southern North Sea) as a case study, this paper 
explores the complementarities between three approaches to ecosystem service assessment and 
valuation: 1) an ecological assessment, which identified and quantified, where possible, indicators for 
ecosystem services delivered by the Dogger Bank and explored how these services may change 
according to two future scenarios, 2) a DCE, which assessed members of the UK public's WTP for 
improvements to a small number of ecosystem services provided by the Dogger Bank as a consequence 
of hypothetical management plans, and 3) a citizens' jury workshop that allowed members of the UK 
public to explore the uses of the Dogger Bank and the conflicts and dilemmas involved in its 
management. Complementarity analysis is just one approach to combining mixed method data (see e.g. 
Brannen, 2005), but is particularly suitable for data that have been collected through different methods 
at the same time (Teddlie and Tashakkori, 2009). The exploration of complementarities between these 
methods was undertaken retrospectively and was not planned as part of the original study. The 
approach taken is therefore only an example of how a synthesis stage could be undertaken. Ideally, 
integration should be planned from the outset with full understanding of what is required of the 
integrating approach. The growing call for evidence-based policy and practice combined with limited 
opportunities for primary data collection, suggests that such retrospective synthesis of data pertinent to 
ecosystem service assessments and valuation may become increasingly relevant. 
By exploring the complementarities between the approaches used in this study, this paper “seeks 
elaboration, enhancement, illustration, clarification of the results from one method with the results from 
another” (Greene et al., 1989, p. 259). It therefore addresses the following research questions: To what 
extent do the different approaches used complement each other? How can the different methods be 
used more effectively together? And how can the findings be better incorporated into environmental 
management? 
The paper is structured as follows. Section 2 introduces the Dogger Bank before providing a brief 
description of the methods used in each sub-study and the approach used to explore the 
complementarities between these methods. This is followed in Section 3 by a presentation of the results. 
The findings are then discussed in Section 4, with conclusions provided in Section 5. 
2. Case Study and Methods 
2.1 The Dogger Bank 
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Covering an area of 18,700 km2, the submerged sandbank of the Dogger Bank is located in the southern 
part of the North Sea (Fig. 1). It is an important location for commercial fishing as well as actual and 
potential energy generation. The UK Government is planning the world's largest offshore wind farm to be 
installed on its section of the Dogger Bank (Forewind, 2010). It also provides a number of other less 
recognised benefits, for example, it acts as a nursery ground for fish (Diesing et al., 2009; Hufnagl et al., 
2013) and it makes a contribution to carbon storage and sequestration, which in turn supports the regula-
tion of the climate. In addition it is of cultural importance: fishermen and archaeologists have found a 
number of prehistoric remains on the Dogger Bank, and a small number of recreational anglers and scuba 
divers visit the Dogger Bank every year. As a consequence of its ecological importance and its vulnerability 
to human pressures, the UK, Germany and The Netherlands have designated their parts of the Dogger Bank 
as a Special Area of Conservation (SAC) under the EU Habitats and Species Directive (92/43/EEC) for the 
protection of Annex I Habitat H1110 ‘sandbanks which are slightly covered by seawater all the time’ (EC, 
1992). This designation requires that all human activities within the SAC are regulated to fulfil the 
conservation objectives for the site. 
 
Fig. 1. Location of the Dogger Bank (UK - United Kingdom; DK — Denmark; DE — Germany; NL — 
Netherlands). 
Management measures are currently under negotiation between the UK, Germany and The 
Netherlands before submission to the EU. Proposals for these management measures formed the 
backdrop to the DCE and citizens' jury scenarios. 
2.1. Methods Applied 
The ecosystem service framework and indicators defined by Hattam et al. (2015) formed the basis for 
this study. The three assessment and valuation studies then proceeded in parallel. The exploration of 
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complementarities was undertaken post hoc and was not originally foreseen during the study 
development and planning phase. 
2.1.1. Ecological Assessment 
The main aim of the ecological assessment was to explore which ecosystem services are subject to change 
under different future scenarios. Indicators of ecosystem service quantity and quality were developed for 
all ecosystem services identified as relevant for the Dogger Bank (for details see Hattam et al., 2015). For 
clarity and to facilitate the assessment, indicators of ecosystem services (i.e. of ecosystem service supply) 
are considered distinct to indicators of ecosystem benefits (i.e. the outputs of ecosystem services, created 
and derived by humans). Attempts were made to quantify each of the indicators identified. The absence 
of appropriate data meant that indicators for only six of the ecosystem services identified could be 
assessed (Table 1). 
 
To evaluate how the services provided by the case study sites may change in the future, present day 
(2000–2009) provision was assessed and compared against intermediate future provision (2040–2049). 
Two contrasting scenarios were used based on the IPCC 2002 National Enterprise (A2) and Global 
Community (B1) scenarios (IPCC 2000), a description can be found in Groeneveld et al. submitted and 
at http:// www.marine-vectors.eu/Core_pages/Future_scenarios_and_policy_implications_with_rele). 
Briefly, both scenarios encompass intermediate levels of economic growth but A2 envisages modest local 
environmental policy and limited global environmental policy, whilst B1 has ambitious local and global 
environmental policy. These global scenarios were augmented with location specific information (e.g. the 
B1 scenario included the construction of the existing planned wind farm on the UK sector and related 
fishing restrictions). Ecosystem service indicators were then assessed using various types of data, 
including measured data (e.g. fish catch data), modelled data (POLCOMS-ERSEM model output; Artioli 
et al., 2014) and data reported in the literature. Additionally, expert judgment was used to qualitatively 
identify possible effects of the scenario on ecosystem service provision. See Hattam et al. (2014) for 
more detail. 
2.1.2. Discrete Choice Experiment (DCE) 
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In the absence of market data for the majority of ecosystem services provided by the Dogger Bank, 
primary valuation data were also collected through a survey with members of the public (Börger et al., 
2014b). The survey used a DCE (Hanley et al., 1998; Louviere et al., 2000) to elicit the WTP of members of 
the UK public for securing some future positive environmental change (or to prevent some negative 
change from happening) on the Dogger Bank. As far as possible, the attributes of the DCE were linked to 
the ecosystem service indicators developed for the ecological assessment and targeted towards 
indicators for which no quantitative data were available. 
The survey was undertaken online during December 2013. It presented respondents with hypothetical 
management measures drawn from the negotiations held by the Dogger Bank Steering Group about 
proposed fisheries management plans for the Dogger Bank (NSRAC, 2012). Respondents were informed 
that management would regulate fisheries and wind farm development (JNCC, 2011) and that these reg-
ulations would affect different aspects, or attributes, of the ecosystem: overall species diversity; the 
protection of seals, porpoises and seabirds; and the spread of invasive species. Respondents were asked 
to choose between the current, no cost situation and different management scenarios, each with differing 
impacts on the ecosystem attributes and associated implementation costs (Table 2). The inclusion of the 
cost component means that the value respondents attach to the different attributes can be inferred from 
respondents' stated choices and expressed as marginal WTP. For further details see Börger et al. (2014b). 
 
2.1.3. Citizens' Jury 
As an alternative to economic valuation, a citizens' jury workshop on the Dogger Bank was held in 
Newcastle, UK, in October 2013 with 19 members of the UK public. Participants were selected from the 
database of a marketing company, according to particular criteria (e.g. age, gender, socio-demographic 
status). It was anticipated that there would be a lack of knowledge among workshop participants about 
the Dogger Bank, and hence background information would need to be provided to facilitate discussions. 
Accordingly, the workshop was based on the principles of a citizens' jury in which expert witnesses are 
invited to state their case to a group of jurors selected from the general public (Huitema et al., 2007). 
Expert witnesses are people who are knowledgeable of the issue in question or strong advocates of 
particular positions in the debate. After hearing all the witnesses' accounts, the jurors (the participants) 
deliberate together on the issue in attempt to reach a common ‘verdict’ or conclusion. As consensus-
seeking processes may silence minority perspectives (Travers, 1990), the primary aim of the Dogger Bank 
workshop was not to get participants to arrive at a common conclusion. Instead, it aimed to understand 
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all the diverging perspectives and positions, arguments, nuances and stakes which are represented 
among the participants, as well as how the group setting influenced the formation of opinions. It therefore 
explored shared social values, focusing on aspects of use and non-use of the Dogger Bank. 
Participants were provided with information from expert witnesses about the Dogger Bank 
environment, the uses of the Dogger Bank and their impacts on the marine environment. Witnesses 
included representatives of the fishing and wind energy sectors, a marine biologist and a speaker putting 
forward the position of environmental nongovernmental organisations (ENGOs) involved with 
discussions on the Dogger Bank management plan. After hearing the witness presentations, participants 
were divided into four groups for two rounds of facilitated discussion. The first round focused on “what 
does the ocean mean to you?”, “what should we use the ocean for?”, and “uses of the Dogger Bank and 
the implications of this use”. The second session focused on “conflicts and dilemmas in the management 
of the Dogger Bank” and “ranking competing uses of the Dogger Bank”. Throughout the workshop, 
participants were reminded that the word ‘use’ was meant to cover all things provided by the ocean and 
the Dogger Bank that respondents and society might find of value or meaningful. This avoided the need 
to use the term ecosystem services and the discussion of the meaning of ecosystem services that might 
result. More information about the workshop can be found in Hattam et al. (2014). 
2.1.4. Exploration of Complementarities 
The synthesis of the findings from the above methods was undertaken once the results were available 
from each stage. The three methods described were applied concurrently, which allowed for a parallel 
track analysis (Teddlie and Tashakkori, 2009). Parallel track analyses are particularly suited to exploring 
complementarities as the data are analysed at the same time and the findings emerge together. This 
is the most common mixed analysis technique and “although the ... sets of analyses are independent, 
each provides an understanding of the phenomenon under investigation. These understandings are 
linked, combined, or integrated into meta-inferences” (Teddlie and Tashakkori, 2009, p. 266). 
The first stage in the assessment was to explore the complementarities between methods themselves 
and the way they were applied, rather than between the outcomes of those methods. This involved 
examining the complementarities between the work steps taken in the application of the methods, 
followed by a matrix cross-tabulation, in which each method was compared against a set of criteria. 
Criteria ranged from what is being valued and how the value is expressed, to the types of data used, 
the approach to data analysis and interpretation, the transferability of related outcomes and the 
strengths and weaknesses of the methods. The second stage focused on the complementarities 
between the results. This drew loosely on Greene (2007) and involved data transformation, whereby 
the quantitative findings from the DCE were expressed as a narrative to facilitate the comparison of 
mixed data types. Using matrix cross-tabulation, the relationships between findings were examined. 
This focused on the convergences and divergences between the findings and the trade-offs for 
management implied by them. The final stage in the assessment involved the drawing of inferences 
and conclusions. This approach provides just one example of how to explore the complementarities 
and combine the outputs of different methods. 
3. Results 
This section presents summary results for each method used. It emphasises the types of results 
obtained and key findings only. Full details on how these results were derived can be found in Hattam 
et al. (2014) and Börger et al. (2014b). 
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3.1. Ecological Assessment 
Ecological indicators for this assessment were selected according to those that would best reflect the 
quantity and quality of the ecosystem service provision. To quantify these indicators, ecological 
assessments of ecosystem services as performed in this study require data relating to both the functioning 
of ecosystems, as well as quantifying what species or habitats are present or absent. While ecological data 
are available for the Dogger Bank, they are largely unsuitable for such assessments being either 
insufficiently resolved spatially, incomplete, or poorly resolved and understood in that area. If indicators 
could not be quantified, they were not replaced with inferior indicators, the services were simply left 
unassessed. Limitations in data availability and knowledge therefore restricted the possibilities for the 
ecological assessment of ecosystem services based on secondary data. 
Quantitative data were available to assess the current state of 20 indicators corresponding to six 
ecosystem services. Modelled future projections, however, were only available for the indicators of 
climate regulation (Butenschön and Kay, 2013). Assessments of change are therefore primarily based on 
the expert judgment of the multidisciplinary authors and mainly serve as an example of how changes in 
ecosystem services may be measured. The main output of this assessment is a qualitative statement of 
change (Table 3) for each of the ecosystem service indicators listed in Table 1. Information obtained from 
these indicators represents only a partial account of the situation found on the Dogger Bank. Where the 
assessment was based on expert judgment, or where indicators were insufficiently supported by data for 
any kind of assessment, the results highlight data gaps and areas for future study. 
As might be expected, the B1 (Global Community) scenario presents a much more positive future than A2 
(National Enterprise) in terms of ecosystem service delivery (Table 3). Under the B1 scenario most indi-
cators are anticipated to show upward trends or no change from the present. The downward trend for 
the fishery mortality indicator (see sea food and raw materials) requires care in its interpretation as it 
actually translates into positive overall change for fish stocks. Under A2 most indicators show downward 
trends or no change, suggesting that the related ecosystem services are decreasing. While useful in 
intimating future trends in ecosystem service supply, this assessment does not support the drawing of 
conclusions about changes in the relative values or importance of individual ecosystem services. 
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3.2. Discrete Choice Experiment (DCE) 
Four types of results were produced from the DCE (Börger et al., 2014b): 
1. Coefficients from choice models, which indicate the effect of attributes on choices; 
2. WTP estimates as an expression of value and as an indicator of expected utility change 
resulting from the ecosystem changes described in the choice attributes (Table 4); 
3. Respondent-specific determinants of different coefficient patterns (and thus WTP estimates) 
allowing differentiation between groups of respondents who hold different preferences; and 
4. Measures of unobserved, i.e. random, heterogeneity of preferences across respondents. 
Results show that the respondents hold significant values for environmental benefits generated by the 
proposed management measures. Ecosystem attributes positively affect choice (i.e. the probability that 
a management option is chosen over the business-as-usual option), while cost negatively affects choice. 
These respective influences increase with the level of the attribute/cost. WTP for the protection of 
porpoises, seals and seabirds was higher than for restricting the spread of invasive species and general 
species diversity respectively. This implies that restrictions to fishing using nets that protect these 
charismatic species are preferred to restrictions to fishing using bottom trawling techniques that protect 
species diversity in general, as explained by the management scenario that framed the choice tasks. 
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Respondents who are members of an environmental organisation and have previously taken a ferry or 
flight over the North Sea prefer management measures for the Dogger Bank more often than respon-
dents without these characteristics. Holding attitudes that favour the introduction of a management 
plan to protect species diversity and charismatic species also increases the WTP of respondents for 
different increases in the corresponding attributes. In addition, random preference heterogeneity is 
present that cannot be accounted for by respondent characteristics and attitudes. These findings show 
how DCEs can allow for some degree of diversity in values between respondents. 
3.3. Citizens' Jury 
Deliberations between respondents allowed multiple views on the ocean and the Dogger Bank to 
emerge. Participants were able to influence each other to generate new positions, with the shared 
experience affecting the outcomes. Responses to the questions “what does the ocean mean to you?” 
and “what should we use it for?” indicated the participants' views on the ocean as well as concerns 
over its use. Remarks such as “the integrity of the ocean”, “importance of the function of the 
ecosystem”, “the beauty of the natural environment”, as well as use of words such as preservation, 
sustainability, protection and responsibility highlight the importance of the ocean beyond economic 
values. At the same time however, the importance of the economic uses of the ocean was embedded 
in participants' understanding, as the ocean was also viewed as a “human resource” and used for 
“getting the resource(s) [for humans].” 
The key output of the citizens' jury workshop is an identification of discourses. A qualitative discourse 
analysis of these deliberations identified two main themes: 
1. that fishing should be prioritised over wind farm development, and 
2. that conservation should be a priority, but with specific caveats. 
The prioritisation of fishing arose from what was considered to be a lack of evidence supporting the 
potential impacts or benefits arising from the construction of a wind farm on the Dogger Bank. It also 
arose out of the perceived historical legitimacy of fishing (“Fishing has been in place for years ... I don't 
feel that they are going to impact now because they have been there for so long.”) and the ability of the 
expert fisheries witness to demonstrate the sustainability of the fishery on the Dogger Bank. 
Conservation was a thread in many of the discussions with participants recognising the intrinsic value of 
the Dogger Bank. Conservation was not considered to exclude the use of the Dogger Bank for economic 
purposes, but ensuring this use is balanced and sustainable was highlighted by jury members. Many 
participants agreed that multiple activities should be allowed on the Dogger Bank through a system 
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of zoning supporting both economic and non-economic uses. However, they felt that they lacked the 
information to discuss such zoning in more detail. 
The deliberative exercises demonstrated the necessity for careful facilitation to ensure all views are heard 
and to understand the ways in which participants influence each other. For example, discussion uncov-
ered that one of the participants worked in the energy management sector and was knowledgeable about 
renewable energy. This participant suggested convincingly during the question and answer session of the 
witnesses that offshore wind farms could lead to negative changes in biodiversity without reducing 
electricity bills. In the absence of data proving otherwise, this argument can be demonstrated to have 
influenced other participants' views on offshore wind farms. 
3.4. Integration of Findings 
In drawing together the three datasets, it is important to acknowledge the limitations of each. For 
example, the lack of quantitative data in the ecosystem service indicator assessment limits the 
understanding gained from their assessment. Consequently, the outputs largely reflect the direction of 
change indicated by the scenario narratives and the interpretation of the scenarios by the researchers. 
In the discrete choice experiment, the use of management measures to frame the choice experiment is 
novel, but makes interpretation of the results more challenging. It is not entirely clear whether 
respondents make choices on the basis of the management measure or the outcome of management 
(i.e. the attributes). The latter is more likely according to findings from a think aloud exercise conducted 
during the survey testing stage. For the citizens' jury workshop, more juries with different jurors and 
follow-up sessions with the same jurors would be needed to increase the level of confidence in the 
findings. It is possible that a jury with different jurors could have produced different results. Lastly, the 
size of the combined dataset is small, being based on only three studies. Had this integration been 
planned from the outset, the three methods may have been applied differently and additional or larger 
datasets sought. Despite these shortcomings, the potential to learn more from the combination of the 
data requires further attention. This will help to demonstrate the extent to which the data complement 
each other and whether a mixed methods approach can overcome any of the weaknesses in the 
individual methods. 
3.4.1. Complementarities in Work-flow 
Fig. 2 demonstrates how the workflow for the different methods overlapped and where the 
development of methods supported each other. The ecological assessments were particularly 
important in terms of framing the DCE and focusing the citizens' jury, at both the preparatory and final 
stages. The preparatory stages of the DCE and the citizens' jury were also complementary. Both 
methods drew on the same exploratory semi-structured interviews with members of the public that 
were used to set the scene. As anticipated, there was little flow from the DCE and citizens' jury back 
to the ecological assessment, except during the development of scenarios. 
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3.4.2 Complementarities Between Methods 
In terms of methodological detail, a matrix was developed (Table 5) to facilitate comparison across the 
three methods applied in this study. The three method approach has allowed different value types for 
ecosystem services to be estimated supporting, to some extent, an assessment of both the supply of 
ecosystem services (via the ecological assessment) and the demand for some of these services (through 
the DCE and the citizens' jury). None of the methods used capture all aspects of ecosystem service supply 
or demand, however. Despite drawing across a diverse range of information sources, as has been found 
elsewhere (e.g. Liquete et al., 2013) there is a bias towards services for which more data and 
understanding exist (e.g. food provision and carbon sequestration). The bundling of services within 
the DCE and citizen's jury also means the findings are hard to interpret in terms of individual ecosystem 
services. The outcome of the three approaches and their integration is therefore a partial 
understanding of the ecosystem services of the Dogger Bank and how they will change. Nevertheless, 
considering their transferability, the findings from the DCE and the indicators may be useful for similar 
assessments in other locations. The results of the DCE are drawn from a national survey and therefore 
could be used in benefit transfer, if applied to sites with comparable characteristics and facing similar 
management scenarios (Richardson et al., 2014). The indicators used in the ecological assessment 
could also be transferred, but tailoring to different locations would be necessary. 
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Consideration of the strengths of each of the methods helps identify where the methodological 
complementarities lie. The scope of the ecological assessment has the potential to be broad and can 
therefore offer a more rounded assessment of how ecosystems and the services they deliver may change 
as a result of human action or environmental variability. It thus provides insights on the capacity of an 
ecosystem to generate ecosystem services and it can also direct where it may be more useful to focus 
valuation studies. Both the DCE and the citizens' jury provide some understanding of society's demand 
for ecosystem services and how changes resulting from management actions may be valued. In the case 
of the DCE, these outputs generate information on the contribution of ecosystem services to human 
well-being and the hierarchy of preferences for ecosystem services. DCE outputs may also be used in 
cost-benefit analysis. The information obtained from the citizens' jury can augment these findings by 
providing greater understanding of why people hold the priorities that they do. Combining the three 
methods can be used to explore mismatches between ecosystem service supply and demand, and 
consequently identify any trade-off that may be necessary or preferable to make through environmental 
policy and ecosystem management. 
3.4.2. Complementarities Between Results and the Trade-offs Implied 
Identifying complementarities between the results of the three methods is challenging, given the 
limited size of the dataset and some of the limitations present in how the individual approaches were 
applied. Nevertheless, some complementarities between the findings are apparent, as are implied 
trade-offs (Table 6). Overlap between the three methods focuses on the impacts of management 
activities on fisheries, wind farm construction and conservation measures. The exploration of 
complementarities therefore concentrates on this overlap. 
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In the context of conservation issues, preferences for the supply and demand for ecosystem services 
appear to move in the same direction. The DCE and citizens' jury both indicate preferences for 
conservation, especially of charismatic species. This in turn indicates a preference for the outcomes of the 
B1 (Global Community) scenario of the ecological assessment. Conservation measures on the Dogger 
Bank will in part be delivered through fisheries management (NSRAC, 2012) and here there is implied 
disagreement between the findings. The ecological assessment indicates that the closure of fisheries 
would be beneficial for ecosystem services supplied by the Dogger Bank (scenario B1). The DCE results, 
however, suggest that restrictions to net fishing would be preferred over restrictions to bottom trawling. 
This means that preferences for conservation of charismatic species would be met, but bottom trawling 
would continue to deliver fish but with no benefit to species diversity. In contrast, the outcomes of the 
citizens' jury suggest that, in terms of use of the Dogger Bank, fishing should be prioritised over other 
uses as a result of historical legitimacy. 
In terms of wind farm construction the picture is less clear. The B1 scenario would see a substantial 
increase in the number of wind turbines constructed on the Dogger Bank (while the A2 scenario would 
only see some increase). While the acceptability of offshore wind farms was not assessed in the DCE, the 
relationship between offshore wind farms and fisheries has implications for the supply of fish. Fishing 
does not usually occur in wind farming areas, due to concerns over gear entanglement and infrastructure 
damage (Mackinson et al., 2006). Any increase in wind farm extent will therefore reduce fishing 
opportunities, in partial contradiction with the preferences expressed in the DCE results and complete 
contradiction with those from the citizens' jury. 
Despite these apparent contradictions in findings, the methods do offer complementarities. Both DCE 
and the citizens' jury lend support to management aimed at achieving the B1 scenario of the ecological 
assessment and not the A2 scenario. Furthermore, they provide enhanced understanding of why this 
is the case. The DCE and the citizens' jury findings also largely agree, but the partial disagreement is 
illustrative of the complexity behind people's understanding of and demands for fisheries 
management. Where partial agreements or disagreements between findings occur, this indicates 
areas where trade-offs may arise when management decisions are taken. It highlights a mismatch 
between the supply and demand for ecosystem services in an area. The main trade-off implied by this 
work is in the context of fisheries restrictions and the interaction between fisheries and wind farms. 
4. Discussion 
Börger et al. (2014a) highlight a growing demand for wider assessment and valuation of marine ecosystem 
services in support of marine planning. For example, in the UK, ecosystem services have been identified as 
a priority research area by the Marine Management Organisation, the Government body responsible for 
marine planning (MMO, 2014). In addition, there is a move towards national assessments of ecosystem 
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services through the Intergovernmental science-policy Platform on Biodiversity and Ecosystem Services 
(IPBES) in support of the Convention on Biodiversity and, for example, the European Unions' Biodiversity 
Strategy to 2020. Assessment of marine ecosystem services, however, often lags behind the assessment 
of terrestrial ecosystem services, hindered by inadequate knowledge and lack of data (Townsend et al., 
2014). Applying a mixed-method approach may therefore provide useful insights by delivering a more 
comprehensive understanding. 
4.1. Do the Methods Complement Each Other? 
Three key areas of complementarities have been explored: between the work-stages of each method, 
between the methods themselves and between the findings. Complementarity between work stages is 
apparent, but this largely depends upon the communication within the multidisciplinary research team. 
In this case different aspects of the work did feed into each other, for example, sharing of preparatory 
semi-structured interviews between the DCE and citizens jury, the use of multidisciplinary teams to 
develop scenarios and ensure ecological content validity in the DCE and citizens jury. 
In terms of methodological complementarity, the different stages of the assessment can be used to 
enhance each other. For example, the data gaps emerging from the ecological assessment were used to 
direct the DCE and citizens jury, and each method covers a different aspect of value and more or fewer 
ecosystem services. Despite limitations in data availability, the ecological assessment was the broadest 
in scope. In contrast, the DCE and citizens jury provided greater detail about more focused topics and 
particularly about demands for different ecosystem services or management outcomes. The ecological 
assessments help to identify how those demands might be met. 
The findings from the Dogger Bank case study show complementarities between results. Conservation 
priorities were clearly demonstrated in the DCE and citizens jury. This supports management actions that 
would lead to the more conservation focused scenario (B1 Global Community), which suggests a more 
positive future for ecosystem services. Even where divergence between findings is apparent (i.e. in the 
case of fisheries priorities), complementarities are evident as the outcomes from the citizens jury improve 
understanding of why this divergence occurred. Potential mismatches between supply and demand for 
ecosystem services are highlighted, as are possible conflicts between management objectives desirable 
from an ecosystem perspective (e.g. fisheries closures) and those preferred by society (e.g. fish). The 
outcome is a more comprehensive understanding of the complex issues relating to the management of 
the Dogger Bank, which may better inform decision-making. 
4.2. Does the Application of the Mixed-Methods Approach Overcome any of the Weaknesses of the 
Individual Methods? 
The ecological assessment provides a general picture of how the Dogger Bank ecosystem may change. It 
reflects the capacity of the Dogger Bank to supply ecosystem services and identifies services worth 
exploring in valuation studies. The DCE elaborates upon this, through the provision of estimates of 
monetary value for little explored ecosystem services and those for which no secondary data exist. The 
citizens jury furthers this understanding through an in-depth exploration of people s values, providing 
some explanation of individuals priorities. The citizens jury also allows greater understanding of members 
of the public s preferences for ecosystem management of the Dogger Bank and can be used to infer 
societal demand for ecosystem services beyond their economic value. Only by applying the different 
methods do the trade-offs between the supply of ecosystem services and the different demands for 
ecosystem services become apparent. 
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4.3. Applying the Methods More Effectively: Lessons Learnt 
The findings from the three distinct methods applied here suggest a mixture of messages. These raise a 
number of issues that need to be considered if greater integration of findings is to be achieved from 
similar studies in future. Lessons include the need to plan for integration; the need for better 
understanding of what integrating involves; the limitations of data availability; and the need to carefully 
consider the use of scenarios across the approaches. 
4.3.1. Planning for Mixed Method Integration 
Method integration requires planning from the outset. Greater complementarity could have been found 
with different method combinations (i.e. using other methods than those applied here or applying the 
same methods in different ways). For example, the citizens jury discussions could have been conducted 
differently with additional deliberative sessions or information from different witnesses provided to 
participants. Ecosystem services could have been focused on more explicitly to allow greater 
comparability to the DCE. In the DCE, ecosystem services could have been decoupled from the 
management scenarios and focused more clearly on the ecosystem service indicators used in the 
ecological assessment. The bundling of services in the DCE made the valuation outcomes harder to 
interpret and only indirectly addresses potential future changes in the provision of ecosystem services. 
To some extent context influenced design of both the DCE and the citizens jury. Respondents 
unfamiliarity with the Dogger Bank necessitated simplification, and consequently bundling, that may be 
unnecessary in more familiar settings. The design and focus of individual studies and any integrating 
stage therefore requires very careful co-planning to minimise unwanted divergence. 
4.3.2. Understanding Data Integration 
Understanding what is needed for data integration could also influence the way in which individual 
valuations are undertaken. For example, greater emphasis could be placed on quantitative rather than 
qualitative data collection, or different approaches to integration could be used. Complementarity mixed-
methods studies are typically used to measure different as well as overlapping aspects of the same issue. 
Other approaches, such as triangulation, require that different methods are used to study the same issue 
(Green et al., 1989). In situations where additional numerical data are available, quantitative integration 
may be possible. Martín-López et al. (2014) draw on multiple quantitative data sources to which, once 
standardised, they apply principal component analysis to identify the relationships between biophysical, 
sociocultural and monetary values. Ecosystem service assessment and valuation researchers may be able 
to learn lessons from disciplines where application and integration of mixed-methods is more 
commonplace (e.g. Greene 2007; Teddlie and Tashakkori, 2009). 
4.3.3. Impacts of Data Limitations 
The availability of suitable data hindered all methods used in this study, but in particular the ecological 
assessment. This absence of data, especially prevalent in the marine environment, presents a difficulty 
for future assessments. It is recognised as one of the main challenges for the incorporation of ecosystem 
service assessments and valuation into marine planning (Börger et al., 2014a). The gaps identified here 
indicate where future monitoring effort is needed if ecosystem services are to be incorporated into 
marine management for the Dogger Bank. 
The absence of appropriate information for the citizens jury also affected the ability of members of the 
public to discuss the uses and benefits of the Dogger Bank, and how the Dogger Bank should be 
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managed. Despite providing participants with background information and experts to question, they 
still felt they had insufficient information to make informed decisions. Follow-up sessions are needed 
with the same participants to allow them to reflect on the information they have received and allow 
further discussion, as well as additional workshops with different participants (e.g. Abelson et al., 2003). 
This would enrich the data from the citizens jury and provide increased confidence in the results. 
Improving the effectiveness of complementary studies requires not only improvement in the input data 
used in the different methods, but also increased generation of data from the application of different 
methods. Additional economic valuation, through DCE surveys or other methods, is needed to cover a 
wider range of ecosystem services. For example, Martinez-Lopez et al. (2014) draw on seven monetary 
valuation studies covering nine ecosystem services. This suggests opportunity for benefit transfer, 
however, benefit transfer may present challenges for integration, if the data are being used for a purpose 
that is different to that for which the data were originally collected. 
Alternatively, the outcomes of complementarity studies such as this could be used to focus future 
ecosystem service assessments and valuations of the same study site. This would enable 
complementarities or divergences emerging from the first cycle to inform the next. For example, the 
preferences highlighted by DCE and the citizens' jury could be used to focus future ecological assessments 
and modelling efforts. Any divergences apparent between methods could form the focus of deliberations 
in a future study or inform economic valuations such as DCEs. 
4.3.4. Mismatches Between Scenarios Used 
Future scenarios were incorporated into each of the three methods used in this study. A mismatch is 
apparent, however, in the time-frames used. The ecological assessments considered changes to 2050, a 
relatively short time-frame for ecological change, while the DCE and the citizens' jury explored change 
in the near future (undefined in the citizens' jury and over the next five years for the DCE). This mismatch 
results from the very different time-frames suitable for the different approaches. While for ecological 
assessments a five year time frame is in most cases too short for any change to become apparent, a 50 
year period is far too long for workshop or survey participants to be able to assess. Furthermore, 
preferences are unlikely to be stable over such a long period meaning resulting preference data may be 
too uncertain for use in long-term environmental management. 
This mismatch is not necessarily a problem and is potentially a strength of mixed-method approaches. 
The implications of current actions needed to achieve future ecological outcomes and the tradeoffs they 
imply can be more easily evaluated through mixed-method approaches. In addition, if accompanied by 
biological/ecological monitoring and updated assessments of societal and individual preferences, 
management could be adapted to better achieve desired goals. This would ensure ecosystem 
management is responsive not only to environmental change but also to changing preferences or 
societal demand. 
5. Conclusion: Better Supporting Marine Management 
Growing use of the marine environment demands careful spatial planning (Douvere, 2008; Douvere and 
Ehler, 2009). The integration of findings from different ecosystem service assessment and valuation 
approaches can highlight complexities relating to management outcomes (e.g. for the Dogger Bank in 
relation to fishing) that would not become apparent using a single method approach. The combination 
of an ecological assessment (describing the supply of ecosystem services) with a DCE and a citizens' jury 
(that assess ecosystem service demand) identified areas where mismatches may occur between 
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ecosystem service supply and demand in the future. This study has also highlighted potentially 
contentious issues (e.g. fisheries management) that will require careful consideration if societal 
demands are to be balanced with conservation needs. 
There will always be trade-offs between improving approaches to ecosystem service assessments and 
having the resources to cover all relevant aspects of such assessments. Including an integration stage 
at the end of ecosystem service assessments may allow researchers and funders to obtain greater 
understanding from their data. It may therefore prove a powerful tool for supporting environmental 
management decisions. As shown in this case study, mixed methods approaches can (and probably 
most likely will) generate mixed messages. Where those mixed messages are understood as challenges 
or used to focus ecosystem management, the full potential of mixed methods approaches can be 
utilised, offering more than single method approaches can deliver. 
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